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What is a Gene?

 Definition: An inheritable trait associated
with a region of DNA that codes for a
polypeptide chain or specifies an RNA
molecule which in turn have an influence
on some characteristic phenotype of the
organism.

Abstract concept that describes a
complex phenomenon
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What is Annotation?

« Definition: Extraction, definition, and
interpretation of features on the genome
sequence derived by integrating
computational tools and biological
knowledge.

Identifiable features in the sequence
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How does an annotation differ
from a gene?

Many annotations describe features that
constitute a gene.

Other annotations may not always directly
correspond in this way, e.g., an STS, or
sequence overlap
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DNA Analysis

* Heuristics
o Statistics

* Artistics
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DNA Analysis

* Find the genes
— Heuristic signals
— Inherent features
— Intelligent methods

» Characterize each gene
— Compare with other genes
— Find functional components
— Predict features
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What is a Gene?
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Heuristic Signals

» DNA contains various recognition sites for
internal machinery

* Promoter signals

* Transcription start signals
 Start Codon

* Exon, Intron boundaries

» Transcription termination signals
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Heuristic Signals

Start of the gene

Heuristic Signals




Start Codon
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Inherent Features

DNA exhibits certain biases that can be
exploited to locate coding regions

Uneven distribution of bases
Codon bias

CpG islands

In-phase words

Encoded amino acid sequence
Imperfect periodicity

Other global patterns

Donor Splice Site
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Inherent Features

Solovyev, 1994
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Intelligent Methods

 Pattern recognition methods weigh inputs
and predict gene location

— Content-based methods
— Site-based methods
— Comparative methods

* Neural Networks
* Hidden Markov Models
» Stochastic Context-Free Grammar
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GRA”_ Uberbacher, Mural
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* GRAIL 1

— Neural network with fixed window length (100 bases)

* GRAIL 1a

— GRAIL 1 + adjacent information

* GRAIL 2

— Variable length window, contextual information

* GRAIL-EXP

— Comparison with partial and complete gene sequences

T

Analyzing Complex Multi-
Gene Regions

* Errors in exon prediction and splice site
boundaries

* Gene boundaries uncertain
» Genes can be on both strands
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Neural networks

| 6-mer vocabulary

| 6-mer-in-frame

| Markov

|Isochore GC Compositi on|—>.

| Exon GC Composition

| Size prob. profile

| Length

| Donor

| Acceptor
| Intron Vocabulary 1

| Intron Vocabulary 2 Xu 1997

Grail-EXP
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FGENEH/FGENES solovyev

— Looks at several structural features
— Splice donor/acceptor sites
— Putative coding regions
— Intronic regions
— Linear discriminant analysis to split exon /
non-exon classes

— Dynamic programming to assemble best
gene structure

MZEF Zhang

— Quadratic discriminant analysis
— Exon length
— Exon-intron transitions
— Splice sites
— Branch sites
— Exon, strand, frame scores

— Detects internal exons
— No information about gene structure
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G EN S CAN Burge, Karlin

— Probabilistic model of sequence composition
and gene structure

— Looks for gene structure descriptions that are
consistent with the query sequence to assign probability
that sequence stretch is exon, ...

— Best ---> optimal
— But generates also suboptimal exons

PROCRUSTES Gelfand

» Forces sequence into target structure

— Requires putative gene product
— Stretches/shortens sequence to fit into model

12



0000000000000000000000000¢

= 5
-
=
-
-
-
-
-
-

=

-
-
- .
-

= -

-
-
-
-

-4
-
-
-
-

= -

e

Hidden Markov Models
‘—"—" Silent states

GENIE Kulp, Reese, Haussler
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Strategies

» Select by correlation coefficient
» Select by review paper

» Select by recommendation

* Use them all

Drawbacks

» Most programs are “trained” on existing
data

* It's awfully hard to find new things this
way!
« NTT
. IPW
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® = PROCRUSTES
= RepeatMasker
= HMMgene
=

= -
" Chapter 10

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-~
-

Internet Resources

http://igs-server.cnrs-mrs.fr/igs/banbury

http://genomic.sanger.ac.uk/gf/gf.shtml
http://www1.imim.es/geneid.html
http://genome.nhgri.nih.gov/genemachine
http://genes.mit.edu/GENSCAN.html
http://www.fruitfly.org/_nomi/genotator/
http://compbio.ornl.gov/tools/index.shtml
http://compbio.ornl.gov/grailexp
http://www.cshl.orggenefinder
http://www-hto.usc.edu/software/procrustes
http://itp.genome.washington.edu/RM/RepeatMasker.html
http://www.cbs.dtu.dk/services/HMMgene

http://www.wiley.com/legacy/products/subject/life/bioinformatics/chapterlinks.html

Characterize a Gene

Collect clues for potential function

Comparison with other known genes, proteins
Predict secondary structure
Fold classification

Gene Expression

Gene Regulatory Networks
Phylogenetic comparisons
Metabolic pathways
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A Contig Overview

Feature Display

Feature selection

Predicted Genes

17



00000000000000000000000000

= -
-~
=
= -
= -
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
ko
- il

Gene Summary Report
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Layers of Information

The same base sequence contains
many layered instructions!

Chromosome structure and function
— Telomers, centromers

Gene Regulatory information

— Enhancers, promoters, ...
Instructions for gene structure
Instructions for protein

Instructions for protein post-processing and
localization
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= = Inherited Annotation Problems
in Multi-Domain Proteins

New sequence

T
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II Closest database annotated entry

!

Original studied protein

XX R RN
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Conboy 1998
As many as 30% of human genes,
in particular structural genes, may
be alternatively spliced.
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GenomeHub
NAR Database Issue
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Annotated Genomes

Internet Resources

http://www.nhgri.nih.gov/genome_hub.html
http://nar.oupjournals.org/content/vol29/issue1/
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jetscape: NHGRI Genome Hub 0=

Jmamn Mz [b¥tg =7 P aari.nin.gov A genome b html ] @7 what's Related

3 D |

National

International Human Genome Sequencing Consortium
Human (SETTOTeY

On behalf of the Intemational Human Genome Sequencing Consortium, Genome Hub is a web site that
consists of a list of a nurnber of important web sites that contain information about the human genome
sequence, ofher genome sequences, and other relevant genomic Information. It s similar to the "Genome

institute Cenfral' sites that can be found on the NCEI and EBI sites. Genome Hub will be maintained and reqularly

SHELE updated with new information

Use the links below to goto the listed directaries containing information pertinentto those areas

raft Genome i and other genomic data
Inderlying Map Information
Centers of the i Human Genome
lucleotide Sequence Databases
race Archives

SNPs

CDNAS and ESTS

Other Organisms

Other Human Genetics Information
ELSI Information

Funding Agencies

Draft Genome Sequence Assemblies, and other genomic data resources

ucsc, contains the assembly of the draft genome sequence that was
analyzed in the February 15, 2001 publication

EBI the Ensembl project provides access ta DNA and protein sequences
with automatic baseline annatation; allows BLAST analysis

in addition to the NCBI assembly of the draft genome sequente, this
site provides access to other NCEBI resources including BLAST
analysis

Java viewers for Human genome data
gives an overview ofthe entire human genome structure.

= Underlying Map Information

WashU This page contains links to the fingerprinted clone and accession
maps of the human genome

Gene Map 99 Gene map 99 containg data and viewers for radiation hybrid maps
Marshfield this page contains comprehensive human genetic linkage maps
Genethon This site is containg the Genethon genetic linkage maps

This is the site for the Badiation Huhrid mangin

S DT

BHE

Losation: g [tp -/ 7gename.ese uese edurgeldenPath foet Tracks htm! | FE07 what's Related

Netscape:Human Genome Browser Gateway

Human Genome Browser

‘Web tool created by Jim Kent of UC Santa Cruz
7 Oct 2000 draft assembly of the human genome

Please enter a poziton in the genome, set vour preferred window width, snd press the submit bomon: (Uze BLAT Search o locate & particular sequence in the genome. )

genome position: |chrl 7:45247249-45350955 Dpixel width [610

A genome position can be specifisd by the accession mumber of a sequenced human genomic clone, an mRMA or BT or 3T marker, or a cyiological end , &
chromosomal coordinate range , or keywonds from the Genbank descrption of an mENA, See the User Guide for more help.

Request: Genome Browser Response:
chrld Displays all of chroimosoms 19
20p15 Displays region for band pl3 on chr 20

dqz6 Displays band 928 on che 4, gene region determining red hair color
chr3:1-1000000  Displays first million hases of chr 3, connting from p arm Elomers

D1683046 Displays region aronnd ST marker D1633046 from the Genethon'Tarshiield maps (open "STH Markers" wack by clicking 1o see this marker)
AAZN5ATA Displays region of B&T with (enFank ace. AAZ05474 in BRCA1 cancer gene on chr 17 (open "spliced B&Ts" track by clicking 1 see this EET)
ctzl3698 Displays region of the fingerpornt clone conty ctg13693 from the Wash, U, map {zet "FPC contigs" wack 1 "dense" and refresh w see FPC contigs)
APO01670 Displays rezion of clone with CenBank accession APO01670 {open "coversge" track by clicking to see this clons)

AF053511 Offers 2 coordinate choices on chr 7 and chr 22 for this mitotc checkpoint mRHA

ERMP Offers coond inates choices for nested mRNAs for prion gene, chr 20p

psendogene mRNA Lists transcribed pseudogenss but not cDHAs
homeobox caudsl  Lists mRHs for caudal homeobox genss

valyl-RHA Lists mRNAs for valyl t(RHA synthetases but not nnsubmined RHA
zine finger Lists many zinc finger mRHAs

kruppel zine finger Lists only kmppel-like zine fingecs

huntington. Lists candidate genes associated with Huntington's disease

aahler Lists mRM Az deposited by scientist named Zahlex

Evans, JE. Lists mRN Az deposited by co-anthor J.E. Evans

se this last format for entry anthors - even though Genbank searches require Evans JE format, GenBank entries themselves nse Evans, J.E. internally.
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BLAT Search

Metscape:BLAT Search HE

|
:l.'| Loation @\nup_ﬁgmme cse.ucse.eduscgi-bin FhgBlat Pdb=hg3 ] @'wnat*s Relsted
T T
BLAT Search Human Genome

Freeae: QUETY TP SO output
Oct. 7, 2000 =] BLAT's guess - QUETY FCOLE -

¥ s

Please paste in a query sequence 10 see where it is locatd in the UCEC assembly of the homean genome. Muldple sequences can be searched at once if separated by a line
starting with = and the sequence name

D!

EID

Only DHA sequences less then 20,000 bases and protein or ranslaed sequence of less than 4000 lemers will be processed. If muldple sequences are subrmitted at the same
e, the 10ta] Limit 15 50,000 beses or 10,000 Jeters

BLAT on DM is designed 10 quickly find sequences of 9555 and greater similarity of length 40 bases or more. It may miss more diverzent or shorer sequence alignments.
It il find perfect sequence matwhes of 33 bases, and sometimes find them down 1o 22 bases. BLAT on proteins finds sequences of 8095 and greater similarity of length 20
aming acids or more. In practice DHNA BLAT works well on primates, and protein blat on land vertebrates

BLAT is not BLAST. DNA BLAT works by kesping an index of fhe entire gennme in memory. The index cornsists of all non-overlapping 11-mers except for those heavily
inolved inrepeats. The index takes up a bit less than a gigabyte of RAM. The genome itself is not kept in memory, allowing BLAT to dsliver high performance on &
reasonably prced Linmx box, The index is nsed w0 find arsas of probable homology, which ae then loaded into memory for & detailsd alignment. Protein BLAT works ina
sirndlar marner, gxcept with 4-mecs rather than 1 1-mers. The protein index takes a linle more then 2 gigabites

BLAT was written by Jim Kent. Like mostof Jim's softeare interactive nse on this weh server i3 free 1 all. Sourees and executables 10 nun batch joha on your 0w Server
are available free for academnic, personal, and non-profit puposes. Mon-exclusive commercial lcenses are also available. Contaet Jim for details.




MCEl Home B Genotnic Biology = Human

Search | LocusLink s 'for |
™ Human Genome Browse

A guide to online informa tion resources Cenes

Web Resources Building an information infrastructure

BLAST. Compare your sequence A challenge facing researchers today is the ability to
tothe genome or its gene piece together and analyze the multitudes of data
products. currently heing generated through the Human Genome
; i Project. WCEl's Veb site serves an an integrated,
Cytogenetics. A cytogenetic one-stop, genamic information infrastructure for 123456678
resource of FISH-mapped, biomedical rezearchers from around the waorld zo that
sequence-tagued clones. they may use this data in their rezearch efforts. More...

dbSHP. Database of ShPs and
other genetic variations.

Working Draft Analysis Published 9 10112131415 16

e-PCR. Check your sequence for
ity i i HLM Press Release

STSs and viewy in genomic cortext. MHCGRI Press Belsage

GEO. Gene Expression Omnibus, & Interactive Tour of the Genome

public repository for expression MBI Genome Analyaiz Pipeline 78 SRICR2 02 122 X

data. Mamre {21501 Human Senome [25ne

Seience (2116/01) Human Genome [230e ;

HomoloGene. Putative Genes & Disease

homologies atnong human, mouse, X

rat. and zebrafizh. &0, Selected gene staries
! for students and the puklic.

Homology Map. Elocks of MapViewer tips and tricks

conzerved synteny between

mause and human. When browesing the genome using the new Map'iewer,
B . click on Display Settings to choose from several types of

LocusLink. Focal point for g8nes  maps and . Below are three views of the BRCAZ locus

and azsociated infortation. uzing different display options. Click the image to see the

OMIM. Guide to genes and Tull Map'viewer display.

inherited dizorders maintained by ] PROOZST - av sv13 PROOZST protein
JHU and collaborators.
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NCBI Display options

Genes B0 - w1l PROGTHT pacrwer

BCAZ - w102 e e L
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““Ensembl St ey

Human Genome Server

About Ensembl v1.0 Browse a Chromosome

Ensembl is a joirt project betw een
EMEL - EBl and the Sanger Certre to
develop a software systermwhich
produces and maintains automatic
annotation on eukareotic genomes.
Enszemblis primarily funded by the
Wellcams Trust,

[Press release]

With Ensembl you can ...

® Download all data, free, without constraints

» Search the DMNA from the human gename

¥ Erow ze chromosomes

® Find genes, SNPs and mouss genome matches
® L ook tor prateins and protein famiies

How Dol..?

» Fing genomic sequences simiar to riy protein
sequence?
® [ ook up a postional matker and examing candidate
disease genes n the region?.
® Find the expression profile of & gene?
® More.. Ensembl Links

» Mews ® EBLAST
» Dowhload * SEAHA

Ensembl provides ...
» |dertification of 90% of known human genes in the * Hew: Enzembl bouse serer
gENOME Sequence
® Prediction of 10,000 additional genes, allwith
supporting evidence Help
®» Connections to other resources wordwicls, leveraging i :
many public genamic databases and tools m g'ﬂ‘x;ﬁmﬁgﬁgﬁnﬁmup a
» This wehsfte, wiwsw . ensembl ony, faciitates public

access to this data by offering a web-based genome
biron st

———————————————————
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project e
e! Ensembl rapview Ssager ey

Hame 4 Mews & BLAST & DiseaseBrowser & Docs 4 Download &

Find [ Iarker - ”| [e.g. RH9632, D152806]

Chromosome 9
?ngurf gemes % GC o SHPs Chromosome 2
otal benes EREES Known Ensembl Genes: 565 SHPa: 45332

—
P23 Hovel Ensembl Genes: 475 Length: 141263275 by
F2tal

P23 Change Chromosome

Chrormasame: n Lookup

Jump to Contigview

Click arwhere on the chromosame ideogram or one of the feature distribution plots to
jump to a contig-level view of features at that paint.

e
i
PRTHE R

a1 x Aftematively, you can jump to cortigriess bety een ary tiro landmark markers on this
chtomasame:

Betwesn [DIS2065 (at2.10 Mb) 3)
and | T982065 (a1 2.13 My =]

=

OMIM Diseases

it ey

Browse OMIM Diseases on this chromosome.

2

uru.-,...- TP
4
B
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O Netscape: Eh?: howto
€/ Help
the

Found 1 ertry:

How do | ...2

The idea of "How da | 7" trails is to provide step-by-step instructions for
performing various anakses. The trails will take you to real (as opposed to
screenshots) Ensemblweb pages where you can enter information appropriate
for your search and view the results of the sample searches.

The best way to use the trails is to resize this window to a confortable size nesd
toyour "main” brow ser window (the one you clicked to get this window oper)
and follow links highlighted in grey colour.

Please note that the pages appear in the main (and not this) window.

The trails available at the moment are:

H 'y gene’ in the genome?

H all Enzembl enes with a ghven Inter ro domain?

H expression profile of & gene?

H GEno mic sequences similarto my protein sequence?

proteins similarto i protein sequence?

ook up e postional matker and examine candidate disease
genes in the region?

Hiw do | use Ense mil?

What if 8 gene appears to be incorectly postioned in the gename?

Feel free to suggest athers!
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Beyond the Genome
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ExPASy Molecular Biology Server

Thiz iz the ExPASY (Exper Prowkin Analveiz Syetem) proteomics server of the Swiss Instimte of Bioinformatics {#1E). Thiz server iz dedicated w the analvsiz of
prokin sequences and stemres a2 well a2 2-D PAGE (Dizclaimer).

[Announcements] [Job opening] [Mirror Sites]

SWISS-PROT and TrEMEL - Protein sequences » Proteomics tools
PROSITE - Protein families and domaing o ldentification and charactedzation
SWISS-2DPAGE - Two-dimensional polyasrylamide gel electrophoresis DH, Protein
SWISS-3DIMAGE - 3D images of proteins and other biological imilarity searches
macTomolecules Pattern and profile searches
SWISS-MODEL Repository - Automatically generated protein models Post- iranslaunnal snodification predictinm
CD40Lbase - CDd0 ligand defects Piimary stoctire analysis
EHZYME - Enzyme nomenclatre Becondary strocture prediction
SeqAnalRef - Sequence analysis bibliographic references ‘ertiary stiche

ransmenbrane reeions detection

» Links to many other molecular biology databases o Alignment

# Melanie 3 - Software for 2-D PAGE analvsis

# SWISS-MODEL - Automated knowledge-based protein
modelling server

® Swiss-PdbViewer - Macintosh/PC tool for structore display and
analyais

» Boehringer Mannheim's Biochemical Pathways

® The ExPASy FTP server Fhat's Hew on EXPASY
» Swiss-Shop - antomatically obtain (by email) new sequence entries relevant to WISS-FLASH electronic bulletins
our field(sy of interest WISS-PROT documents
& Masters Degma in infnrmnﬁj:s 0w to create HTML. links m ExPASY
e 2-D PAGE training - atend a one-week course in Ceneva table of i
» SWISS- ZDSERYICE get your 2-D Gels performed according o Swiss
standards

Links 1o lists of molecular biology resonrces Links t0 some major molecular biology servers
& Amos' WWW links - The ExPaASy list of Biomolecular servers furopean Bioinformatics Institute (EBT)
& BioHunt - Search the intermet for molecular binlng ¥ information Jational Center for Biotechnology Information {HCBI}
& WORLD-2DPAGE - Links to 2-D PAGE database servers and -0 PAGE




Physical Properties

Prediction of Physical Properties
Compute pl/MW http://www.expasy.ch/tools/pitool.html
MOWSE http://srs.hgmp.mrc.ac.uk/ cgi-bin/mowse
PeptideMass http://www.expasy.ch/tools/peptide-mass.html
TGREASE ftp://ftp.virginia.edu/pub/fasta/
SAPS http://www.isrec.isb-sib.ch/software/SAPSform.html

Prediction of Protein Identity Based on Composition

¢ AACompldent http://www.expasy.ch/tools/aacomp/

¢ AACompSim http://www.expasy.ch/tools/aacsim/

¢ PROPSEARCH http://www.embl-heidelberg.de/prs.html

Motifs and Patterns

BLOCKS http://blocks.fhcrc.org

Pfam http://www.sanger.ac.uk/Software/Pfam/

PRINTS http://www.bioinf.man.ac.uk/dbbrowser/PRINTS/PRINTS.html
ProfileScan http://www.isrec.isb-sib.ch/software/PFSCANform.html
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Protein Structure

Prediciton of Secondary Structure and Folding Classes

¢ nnpredict http://www.cmpharm.ucsf.edu/_nomi/ nnpredict.html

¢ PredictProtein  http://www.embl-heidelberg.de/predictprotein/

¢ SOPMA http://pbil.ibcp.fr/

e« Jpred http://jura.ebi.ac.uk:8888/

¢« PSIPRED http://insulin.brunel.ac.uk/psipred

¢« PREDATOR http://www.embl-heidelberg.de/predator/predatorinfo.html

Prediction of Specialized Structures or Features

¢ COlLs http://www.ch.embnet.org/software/COILSform.html

¢ MacStripe http://www.york.ac.uk/depts/ biol/units/coils/mstr2.html
« PHDtopology http://www.embl-heidelberg.de/predictprotein

« SignalP http://www.cbs.dtu.dk/services/SignalP/

Structure Prediction

« DALI http://www?2.ebi.ac.uk/ dali/

¢ Bryant-Lawrence ftp://ncbi.nlm.nih.gov/pub/pkb/

¢ FSSP http://www?2.ebi.ac.uk/ dali/fssp/

¢« UCLA-DOE http://fold.doe-mbi.ucla.edu/Home

¢ SWISS-MODEL http://www.expasy.ch/swissmod/SWISS-MODEL.html
¢ TOPITS http://www.embl-heidelberg.de/predictprotein/
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¢ TMpred http://www.isrec.isb-sib.ch/ftp-erver/tmpred/www/TMPREDform.html
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